Introduction. Previous studies have shown poor reproducibility in cardiotocography (CTG) interpretation. Studies evaluating the Swedish webbased CTG-education program have not proven to increase accurate CTG assessments. The aim of this study was to evaluate whether an extended education can improve inter-and intra-observer reliability in CTG interpretation. Material and methods. Six obstetricians from two different departments interpreted 106 CTG tracings on two occasions. Both departments used a Swedish national web-based CTG education and test for training. One department had, in addition, an extended education program consisting of onsite lectures and oral examinations. Inter-and intra-observer agreements were calculated by simple or weighted kappa (j) values for the five parameters assessed on CTG. Results. In both departments inter-observer and intraobserver j showed moderate to excellent agreement (ranges for j 0.41-0.76 and 0.65-0.93, respectively). Obstetricians at the department with extended CTG education had better inter-observer reliability for variability and accelerations. This was also the case for intra-observer reliability with the addition of baseline frequency. Both inter-and intra-observer agreement increased from moderate to substantial in both departments when decelerations were dichotomized into harmless (including early and simple variable decelerations) or hypoxic (including late, severe variable, prolonged and combined decelerations) (j 0.63-0.78) compared with the current subclassification of decelerations (j 0.42-0.65). Conclusions. Agreement in CTG interpretation was better than expected in both departments, especially when divided into harmless/hypoxic changes. Combination of different learning methods (web-based, on-site lectures and case discussion) might result in a better CTG interpretation agreement compared with web-based learning solely.
Introduction
Cardiotocography (CTG) is used worldwide to monitor the fetus before and during labor to detect signs of hypoxia. The method has many weaknesses, one of which is the low reproducibility in interpretation. Several studies have been conducted on both three-tier and four-tier classification systems. These studies have shown that the interpretation of CTG varies substantially between different obstetricians or midwives (inter-observer reliability) and also varies in the same individual if the CTG trace is presented for interpretation with some time in between (intra-observer reliability) (1) (2) (3) (4) (5) (6) . However, a more recent study from 2013 demonstrated a good inter-observer reliability between physicians with a wide range of experience after they had completed a CTG examination before the study (7) .
In Sweden, a nationwide, internet-based education program for CTG was started in 2009 (www.ctgutbildning.se/ Course). It consists of web lectures on CTG and also a web-based multiple-choice examination. Most obstetric departments in Sweden use this program for CTG training, and it is recommended by both the Swedish Society of Obstetricians and Gynecologists and the Swedish Association of Midwives. The education program was scientifically scrutinized by comparing the observers' assessments before and after education with the interpretation by an expert panel. However, the internet education did not lead to a higher proportion of correctly classified CTG tracings (8) .
Studies suggest that clinically integrated teaching through various teaching methods such as teaching ward rounds is a more effective way of improving learning, than traditional standalone teaching, for example didactic sessions, seminars and journal clubs (9) . The term blended learning has been introduced and is used in multiple disciplines, where web-based learning is combined with other methods of education. When evaluating the benefit of blended learning in a clinical context, Rowe and co-workers found indication of improvements in various clinical skills, but recommended further studies in the field (10) .
In Australia, a national fetal surveillance education program was introduced in 2005 (11) with the aim of improving labor care and identifying the fetuses at risk of acidemia at an earlier stage during labor. The educational program consists of a combination of face-to-face lectures and multidisciplinary workshops, in addition to webbased and hard copy materials, and is mandatory for doctors in the Australian training program for obstetrics and gynecology. A retrospective study from 2014 by Byford and co-workers has shown that since the introduction of the education program the incidence of hypoxic ischemic encephalopathy rate has decreased, compared to the hypoxic ischemic encephalopathy rates during the 2 years before the education intervention (12) .
In at least one obstetric department in Sweden, the previously described nationally used web-based CTG program is intensified through an on-site education program including regular lectures and face-to-face oral examinations.
Our study objective was to examine whether the combination of web-based CTG education and on-site CTG training could lead to a better agreement in CTG interpretation than web-based education alone.
Material and methods
Six obstetricians from obstetric departments at two different Swedish hospitals were used as observers and had at least 7 years of experience in practicing obstetrics and gynecology. At the reference department the web-based test was recommended and two of three observers had a documented participation during the last 3 years. At the comparison department the observers had in addition to completion of the web-test gone through the on-site education and oral examination during the last 2 years prior to the study. The study period was not optimized with regard to the education programs, i.e. did not take into account the time span since the observers' most recent education session at any of the two departments. No particular education was performed between the two assessments of each observer. The on-site education consisted of a 2-to 3-h group lecture on fetal physiology and the varying mechanisms behind the whole spectrum of CTG patterns. It also included the opportunity for case discussions, and a mandatory face-to-face 15-to 30-min oral examination. The oral examination was carried out individually and consisted of two to three authentic cases that were gone through with focus on CTG interpretation and choice of intervention due to CTG pattern. The oral examination aimed to complement the rigidity of a conventional computer-assisted multiple choice test. It also functioned as a formative examination at a higher level and provided feedback with the possibility of further education in case the teachers discovered knowledge gaps.
Apart from the two departments' differing education concepts; the department with extended education had a total of 3642 deliveries in 2015 when this study was conducted. It is a tertiary university hospital receiving patients mainly from the nearest regions, but occasionally from other regions of the country. In comparison, the department with standard education is a secondary hospital with 1405 deliveries in 2015.
The CTG tracings were selected from a cohort of 1070 women with indication for fetal blood sampling (FBS), at
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Extended cardiotocography training may lead to better inter-and intra-observer reliability in interpretation, although agreement at the reference department was higher than expected. Dichotomizing decelerations into harmless or hypoxic increased agreement compared with the current classification of decelerations. one or more occasions during labor (13) . Segments of 60 min immediately preceding the first FBS were chosen in a consecutive manner. To resemble a clinical everyday situation and obtain a representative proportion of different CTG patterns, the subset was complemented by 10 segments with normal CTG patterns from the same cohort, i.e. segments not linked to an FBS, reaching a total number of 106 tracings. The tracings were interpreted before the study by a senior obstetrician with extensive research experience in fetal surveillance and CTG monitoring. The proportion of CTG patterns was chosen to minimize the influence of a prevalence bias as described by Sim and Wright (Table 1 ) (14).
For each case a multiple choice form was attached. The observers had information on parity, previous cesarean, gestational length, stage of labor, and quality of amniotic fluid, in order to resemble a clinical situation and to increase the clinical generalizability of the study. The parameters assessed were baseline frequency (<110 beats per minute (bpm), 110-150 bpm, >150 bpm), variability (absent, <2 bpm; reduced, 2-5 bpm; normal, 5-25 bpm, increased, >25 bpm), accelerations (present or absent), decelerations (absent, early (starting before peak of contraction), simple variable (<60 sec), late [starting after peak of contraction), severe variable (>60 sec), combined, prolonged (>3 min)], and contractions (<3/10 min, 3-5/ 10min, and >5/10 min). The observers were also asked to choose an intervention (intermittent CTG, continuous CTG, FBS, or urgent delivery). In addition, we analyzed data with the decelerations dichotomized as either harmless (early and simple variable) or hypoxic (including late, severe variable, prolonged, and/or combined decelerations). The observers assessed the CTG tracings on two occasions with at least 30 days between with a new randomized order.
Ethical approval was granted by the regional ethics committee of Karolinska Institutet, Stockholm, Sweden, reference numbers 2008/1618-31, 2011/478-32. All of the observers gave written consent to participate.
Statistical analyses
Previous studies regarding reliability in CTG interpretation have either used proportion of agreement or j analysis as the statistical method. The advantage with j statistics is that it measures agreement beyond chance agreement, which proportion of agreement does not. Hence, we have chosen the j analyses. The j value ranges between À1 and 1. A j value of 0 represents a situation of agreement only by chance and a value of 1 represents perfect agreement. Values between À1 and 0 are quite uncommon (14) . Definitions of j values were: poor agreement ≤0.20; fair 0.21-0.39; moderate 0.40-0.59; substantial 0.60-0.79 and excellent ≥0.80 (15) (16) (17) . Therefore, a zero value for j in the null hypothesis would not be meaningful (14) . Based upon publications on j statistics (14, 18, 19) and results of previous studies regarding inter-observer agreement in CTG interpretation (3, 20, 21) , we set the null hypothesis level at j = 0.4. We chose a sample size with a power of 80% to prove the alternative hypothesis that the additional training would improve j to ≥0.7 All statistical analyses were performed at a two-sided significance level of a = 0.05. Inter-observer reliability analyses were calculated with the use of the total number of assessments without adjustment for multiple testing. The two assessments were not considered dependent due to exchangeability within observer and attribute and the wash-out period of >30 days.
Intra-and inter-observer variabilities were calculated using Cohen's and Fleiss' j. We calculated j for each of the parameters observed in each department, where baseline frequency, variability, contractions, and intervention were regarded as ordered variables and accelerations and decelerations were regarded as categorical variables. Weighted j was calculated for ordered variables.
The statistical analysis was carried out using the software program SAS â Version 9.3, (SAS Institute Inc., Cary, NC, USA). j-values were calculated.
Results
The inter-observer reliability in both departments regarding the different parameters ranged from j = 0.41 to j = 0.76, i.e. moderate to substantial (Table 2 ). There was a significant difference in interpretation reliability between the two different departments in favor of the Table 2 ). However, the reference department performed significantly better in the parameter contractions (j 0.69 vs. 0.58; p = 0.004) ( Table 2 ). Agreement was generally higher for baseline frequency (j 0.71 and 0.76), accelerations (j 0.60 and 0.72), and contractions (j 0.58 and 0.69) than variability (j 0.41 and 0.53) and decelerations (j 0.42 and 0.44) at both departments (Table 2) . Agreement increased at both departments when decelerations were dichotomized into harmless or hypoxic (j 0.63 and 0.63), compared with the current categorization of decelerations (j 0.42 and 0.44) ( Table 2 ). The intra-observer reliability was substantial to excellent at both departments for all parameters (j 0.65-0.93) ( Table 3 ). The department with extended education performed better in the parameters baseline frequency (j 0.93 vs. 0.78; p < 0.001), variability (j 0.80 vs. 0.66; p = 0.007), and accelerations (j 0.92 vs. 0.72; p < 0.001) ( Table 3) . When decelerations were dichotomized into harmless or hypoxic, agreement increased compared with the current sub-classification of decelerations (j 0.76 and 0.78 vs. 0.65 and 0.65) ( Table 3) .
Regarding choice of intervention the inter-observer reliability was poor at both departments (j 0.19 and 0.26). Several observers commented on difficulties with the proposed alternatives, i.e. how to deal with cases where one wanted to stop oxytocin infusion, give tocolytic drugs etc. as these were not options in the template. The intra-observer reliability was, however, substantial (j 0.61 and 0.83) (data shown upon request).
Discussion
The study results suggest that extended on-site CTG training might lead to increased inter-and intra-observer reliability compared with web-based education only. The overall inter-and intra-observer reliability was, however, higher than expected at the reference department with moderate to substantial inter-observer agreement in most parameters.
If decelerations are dichotomized as harmless or hypoxic the inter-observer reliability increases from moderate to substantial. Undoubtedly, distinguishing which decelerations are correlated to fetal hypoxia is of much more importance, than categorizing the decelerations into specific sub-groups.
To our knowledge, this is the first study to compare agreement between two departments with different CTG educational programs. The increased reliability observed at the department with extended education could be due to a higher degree of a blended learning strategy. Face-toface learning, web-based training as well as oral examinations with simulated cases make the education program consisting of multiple didactic tools more likely to achieve an increased retention of learning. Also, this education strategy involves an increased amount of hours put into the CTG learning process and the differences achieved might be explained by simply more education. During the oral test, knowledge gaps in CTG interpretation could be detected and discussed in a face-to-face instruction, where inaccuracies could be addressed and corrected.
We have aimed to resemble a reliable clinical situation and hence to achieve a high external validation, even though we are aware of the difficulties of mimicking the true clinical scenario. The-study design proposes a higher external validity than several other studies on the topic (4, 7, 15, 22, 23) . Relevant background data were given, which influences CTG interpretation in clinical situations. The occasions at which the observers made their interpretations were not optimized in relation to the education program.
There are some limitations to consider. The power analysis to detect a significant difference between j 0.4 and 0.7 was based upon prior studies with substantially lower j values than in our study population (1, 3, 5, 6, 21) . A pilot study could have improved the study design. We can hypothesize that the similarity in inter-observer reliability between the two obstetric departments could be due to a too small sample size. We imply that we cannot draw any conclusions from the results regarding the intervention entity due to the obstacles described above. If a pilot study had been performed, we would have addressed the problem with too few alternatives to choose, or specified that, for example, continuous CTG also involved clinical adjustments such as stopping oxytocin, administering tocolytic drugs etc.
The two departments differed in more aspects besides the educational strategy. The department with extended education has a larger number of births per year and cares for a greater proportion of high-risk deliveries in its role as a tertiary hospital. The obstetricians are presumably exposed to a greater number of CTG evaluations continuously and this fact could have influenced the results. On the other hand, in a smaller unit there are fewer colleagues and potentially more frequent exposure to assessments of CTG recordings. We believe that it is a strength that we can show that at both the larger university hospital as well as the smaller hospital, the CTG reliability is satisfactory overall. Another limitation is the possible confounding effect of difference in time span between training occasion and study participation. However, the time difference is small.
Previous studies have shown that the inter-observer reliability is lowest in the intermediary tracings and higher in normal and very pathological tracings (2, 4, 24) . In this study we could collect presumably difficult tracings because they have been judged as potentially indicating fetal hypoxia and FBS had been performed in all cases. Rh€ ose and co-workers studied inter-observer reliability with a similar study design to ours, using CTG tracings before FBS (3). In their study the observers classified the tracings according to the International Federation of Gynecology and Obstetrics (FIGO)/STAN classification as normal, intermediary, abnormal, or pre-terminal and were asked to choose the intervention. The agreement overall was poor between the observers. It is possible that the better reliability in our study could be explained by the fact that we did not ask for classification of the CTG. It may be more difficult to agree on CTG classification and the proper choice of intervention than to agree on, for example, the parameter baseline frequency. However, Epstein and co-workers showed good inter-observer reliability in 10-min segments regarding not only the specific parameters assessed on a CTG tracing but also specific CTG classification using the National Institute of Child Health and Human Development classification (7, 25) . This could be explained by the relatively short 10-min tracing segments in that study, as the pattern will not vary as much during 10-min segments as during 60-min segments, which were used in the present study. The external validation is questionable with 10-min segments for interpretation; in clinical practice longer CTG tracings are assessed and used for classification and decision-making.
It has previously been shown that intra-observer reliability is better than inter-observer reliability and this is in line with our findings (3, 4, 15) .
In our study we found that it is more difficult to agree on the parameters variability and decelerations than the other parameters studied on CTG. This is in agreement with earlier findings. Blackwell et al. showed that it is difficult to agree on the parameter variability, especially when variability is absent or minimal (15) .
The CTG classification system is a different topic. The present classification system used in Sweden is based on the former internationally used FIGO classification (26) . There has been a demand for a simplified classification system amid the view that some of the inter-observer variability could be explained by a complicated classification (27) . In 2015, FIGO updated its guidelines regarding CTG with the ambition to improve fetal monitoring (28, 29) . During 2016 the Swedish guidelines have been under revision with respect to the new FIGO guidelines, and the updated national guidelines are planned to be implemented clinically during 2017. The changes include a broader baseline normality range (110-160 vs. previously 110-150), accelerations are not mandatory for intrapartum normality, and decelerations ought to be repetitive (occurring at ≥50% of contractions) to have impact on classification.
Studies suggest that there has been a shift towards an increasing rate of CTG tracings classified as abnormal or pathological in the last decades. For example, in a study from 1986 Ingemarsson and co-workers found 94.3% of CTG admission tests to be reactive when arriving at the labor ward and only 1% to be ominous (30) , whereas a more recent study by Impey and co-workers in 2003 found that among women in labor with clear amniotic fluid of normal amount and no pregnancy complication, only 68% of the admission tests were classified as normal (31) . We find it unlikely that the study populations differed substantially, and we speculate that a drift in CTG classification has resulted in reduced specificity.
Compared with several previous inter-observer studies we have not asked the observers to categorize the CTG according to any classification system. The reason behind our study design where we abstain from CTG classification, is that the classification systems differ between countries. Also, the importance in CTG interpretation is ª 2017 Nordic Federation of Societies of Obstetrics and Gynecology, Acta Obstetricia et Gynecologica Scandinavica 96 (2017) 496-502 not necessarily the classification, but the understanding of the different parameters assessed on CTG and the physiology behind the patterns that arise over time. For example, Jackson and co-workers studied the classification system used in the USA, the National Institute of Child Health and Human Development classification system (32), which was introduced 2008. In their study they found that 84% of the fetuses demonstrated patterns that where classified as category II tracings, in other words suspicious, during labor (33) . Hence, we find the reliability in classification less important than the reliability regarding the different parameters evaluated on the CTG tracing.
Bernardes and co-workers have studied inter-observer agreement regarding the specific CTG parameters analyzed and found only moderate agreement in the parameters baseline frequency (j 0.51), accelerations (j 0.52), and uterine activity (j 0.59), but poor agreement in variability (j 0.13-0.35) and decelerations (j 0.05-0.23) (20) . Moreover, Devane and Lalor studied inter-observer reliability among midwives interpreting CTG and found fair to excellent agreement in all specific CTG parameters (j 0.50-0.79) with the highest agreement in classification of decelerations and lowest agreement in variability. The weakness with the Devane and Lalor study is the small number of tracings interpreted, three in total (34) .
Variability and decelerations are the CTG parameters that are most difficult to agree upon. We found that dividing decelerations into two groups, harmless or hypoxic, instead of the current categorizations of decelerations, increased agreement. Definitions and sub-classification of decelerations vary considerably between countries. There is a need for further studies regarding several features of decelerations and the impact on developing fetal hypoxia. Such studies are in progress.
Other future study aspects are whether extended CTG training could have an impact on neonatal outcome. Since the study by Byford and co-workers (12), another retrospective study analyzing several measures of fetal outcome has been carried out with recently published results (35) . When comparing before and after introduction of the Australian standardized education program for fetal surveillance, a national decrease in term perinatal deaths due to hypoxia as well as improvement in other neonatal measures has been achieved. During the years following the education intervention, there have been decreased rates both of hypoxic ischemic encephalopathy and of Apgar scores < 5 at 5 min among babies admitted to the neonatal intensive care unit, compared with the years before the education program introduction (35) .
To summarize, the main conclusion from our study is that agreement in CTG interpretation was better than expected at both study departments. Extended CTG training with the use of several learning tools might lead to a better CTG interpretation agreement than web-based learning only. When dichotomizing decelerations into harmless or hypoxic, both inter-and intra-observer reliability improved.
